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1 
Thts invention relates to interference eliminat- 
Ing systems for radio recetvers and particularly 
to the elimination of stattc disturbances in auto- 
motive installations where the disturbance is 
generated by the motion of the vehicle. 
Radio receivtng systems in mobile installations 
are subjected to certain types of interference 
whtch is produced by the motion of the carrier 
on which the receiver is located. This type of 
tnterference originates in one ïorm or another in 
certain parts of the carrier and ts generally cre- 
ated by friction. If may be defmed as a static 
charge which produces electrical disturbances due 
to the fluctuation oï the charge as if is generated 
and partially discharged in the surroundtng 
medium. 
In aIrplanes such stattc charges may be dis- 
charged ai a suIficient distance from the receiving 
antenna by means of a trafler wire, ïor example, 
and thereby reduce the interference satisfactorily 
to maintain radio communication. In land ve- 
hicles the problem does not present such a ready 
solution since the origin of the dtsturbance is 
more localtzed and phystcally inseparable ïrom 
the receiving system. 
The type of interference to which this invention 
ts particularly directed is manifest in automotive 
vehtcles and ts commonly known as "wheel 
static." The cause is attributed to the friction 
of the rubber wheels on the smooth surface of the 
highway whtch builds up a static charge on the 
wheel. This condition is created chiefiy by the 
insulating effect of the grease on the ball bearing 
of the wheel. The rhin film of grease separating 
electrically the wheel ïrom the axle and the body 
oï the car ïorms an effective capacity and a high 
resistance leakage path fo electrical charges. The 
leakage therethrough is believed to cause an oscfl- 
latory discharge which is picked up in the receiv- 
ing antenna. 
Vartous means have been proposed to eliminate 
this interference, mainly in the form of shunts, 
which are intended to bypass the high resistance 
leakage path. Spring inserts between the 
of the axle and the hub of the wheel have been 
tried with some success, as long as good electrical 
connection could be maintained between these 
points. Aside from that tf was necessary also to 
provtde a conductive path between the hub and 
the tire so as to reduce the insulating effect and 
for this purpose graphite bands have been applied 
around the tire or introduced in the rubber com- 
position. 
The present invention bas for ifs object fo 
eltminate the interference .pr0duçe  b7 wheel 
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static in a manner heretofore not suggested. To 
this end means are provided, for collecting radio 
frequency energy from the static so generated and 
introduce this energy into the receiving system 
5 and there combine it with the static signal nor- 
mally received from the saine source in an elec- 
trically opposing relation and in this manner 
cancel the two signals whereby the unwanted 
signal is substantially eliminated. 
10 A particular feature of this invention is that 
the means employed are easily applied to all types 
of receiving systems, and being chiefly electrical 
in character, have considerable flexibflity of ap- 
plication. 
15 A particular advantage of the system, in ac- 
cordance with this invention, is that simple 
standard radio components are utilized which 
may be incorporated in radio receivers in their 
manufacture af very little cost and will hot inter- 
20 fere in their normal operation. 
An additional advantage of the system herein 
described is that if may also be applied to ,xisting 
installations in the form of a simple accessory 
attached to the radio receiver. 
25 Other features and advantages will be apparent 
from the following description of the invention, 
defined in particularity in the appended claires 
and taken in connection with the accompanying 
drawing in which 
30 Fig. 1 shows a schematic circuit of one form 
of the static eliminating system applied to auto- 
mobile radio installation, 
Fig. ., a schematic circuit of a modified form 
for cancelling the static signal applied to an auto- 
35 mobile radio installation. 
It has been observed that wheel static inter- 
ference is predominantly in the high frequency 
tuning range of the receiver. Although the static 
signal is not confined sharply fo a particular fre- 
40 quency, if is of such character that a comparative- 
.ly narrow banal in the wide range thereof causes 
the most pronounced interference and is generally 
of suiïicient magnitude fo "ride in," even ,on the 
strong signal of a station although the sensitivity 
45 of the receiver is substantially reduced due fo 
automatic volume .control action. 
The frequency of the static signal depends on 
the physical elements of the car which generates 
the intereference. Cnsequently, the signal 
50 varies with various types of cars and receiver 
installations. For this reason, simple fixed 
ters are impractical since even if the interference 
frequency is by-passed, this being in the pass 
band of the receiver, the desired signal would be 
55 similarly filtered out. 
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In the following .description of the system, it Ing 3 and only the signal currents will be trans- 
will be seen that the normal input channel of ferred to the secondary winding 4. The con- 
the receiver is allowed to pass the desired signal denser |2 on the other hand is adjusted to reso- 
as well as the interference signal and an auxiliary nate the circuit to the frequency portion of the 
input channel is provided which passes pre- .5 static discharges which is the most predominant 
dominantly the interference to which transmis- component of the unwanted signal and is desired 
sion components in this channel are particularly tobe suppressed. 
In the system described in connection with 
tuned. 
Referring to the drawing, it is tobe noted that Figure 1, the cancelling of the undesired signal 
for the purpose of clearer illustration, only the ]0 is effected in the input circuit of the first radio 
portion of the receiver is shown to which the frequency amplifier stage. In Figure 2 a circuit 
circuit of the interference eliminating system modification is shown wherein the cancelling 
is generaliy applied. This may be the antenna effect is produced in the output circuit of the 
input circuit of the receiver, or as will be seen amplifier stage. The two input channels, namely 
in the modi'fication in Figure 2, the radio fre- 15 the one from the antenna 8' and the other ïrom 
quency amplifier portion. Similar comportent the noise pickup antenna |3' are similarly con- 
elements in the two figures bear identical ref- structed and electrically isolated from each other 

erence characters distinguished by primary in- 
dices. 
In Figure 1, the input circuit fo the amplifier 2o 
tube  comprises an antenna coupling trans- 
former 2, having .a primary winding 3 and a 

as shown by the dotted lines representing the 
shielding of the components. 
Input transformer 2' having a primary wind- 
ing 3' and a secondary winding 4' connects fo 
the antenna 8' and the grid 5', respectively. 

secondary winding 4. The latter is connected The grid circuit of the amplifier tube |' is tuned 
in a conventional manner fo the input of the by means of the tuning condenser ' which is 
radio frequency amplifier tube  of the receiver, 25 an integral part of the station selector of the 
between contr01 rgid 5 and cathode 6. This cir- receiver. The noise pick-up antenna 
cuit is tuned by the condenser  which is an cated also under the car in proximity of the 

integral part of the station selector device of the 
radio receiver. 
The primary winding 3 is divided into two sec- 
tions, the midpoint of which is returned fo the 
ground potential side of the receiver. One por- 
tion of the winding 3 connects fo the antenna 
8, which may be the customary whip aerial used 
in automotive receivers. This is properly in- 
sulated, from the car body by the insulator 9. 
The other portion of the primary winding is 

wheel in order fo be close fo the origin or source 
of static disturbance. The shielded input lead 
30 from the antenna 3' is coupled by means of an 
ad]ustable condenser {}' with the primary wind- 
ing |6 of a radio frequency transformer. The 
secondary winding  |' is tuned by means of the 
condenser |2' in parallel therewith and the high 
35 potential terminal of the winding ||' connects 
to the grid  of amplifier tube 9, whereas the 
other terminal connects fo ground. 

capacitively coupled by means of the condenser It should be noted here that the amplifier 
|} to the tuned circuit, comprising inductance tubes f' and f9 while separated in regard to 
|| and condenser 2. An auxfliary antenna |3 40 their function need not be separate elements in 
is provided which is located under the car, pref- the physical embodiment of the receiver. A 

erably in close proximity to one of the wheels 
in order to be near the source of disturbance. 
This auxifiary or noise pick-up antenna |3 is 
also insuiated from the car frame by means of 45 
the insulating bushing 4 and is connected to a 
suitable tap on the inductance |{} through a 

single tube of the dual element type may be uti- 
lized incorporating a common cathode and dis- 
tinct and separate input and output elements. 
If has been shown that the input coupling fo 
the grids of the amplifier tubes ïrom the two 
distinct antennae are electrically similar and 

shielded ]ead as is the general practice in such there exists no inter-coupling between them. 
installations. The shielding of both antenna The first input channel from the normal receiv- 
leads is shown by conventional shielding symbols. 5o ing antenna Il' will transfer the desired signal 
The primary winding 3 o the transformer 2 voltage as well as the interfering noise voltage 
is so divided as fo form an electricaliy balanced fo the grid 5' of the amplifier, tube |'. In the 
circuit whereby currents in the two windings second channel the noise voltage predominates 
have a cancelling effect. MAnor differen.ces in by virtue of the fact that the noise pick-up 
the balancing of the two halves of this winding 55 tenna |' is close fo the source of disturbance 
may be adjusted by permeabflity tuning slugs and also due fo the fact that the transfer cir- 
indicated here by the conventional permeabflity cuit is tuned by means of the condenser 12' fo 
tuning symbol, the predominant frequency of the noise signal. 
As mentioned belote, the noise antenna |3 The required signal transmission from the an- 
feeds into winding  which forms a parallel 0 tenna 3' may be effected by tuning the series 
tuned circuit with the condenser 2. The latter resonant circuit consisting of the winding |6 and 
is adjusted to resonate the circuit fo a predomi- the variable condenser 5'. 
nant frequency of the noise signal created by In the common output circuit of the two am- 
the wheel static. The signal voltage built up plifiers there is provided a couPling transformer 
in the tuned circuit from the auxiliary antenna 65 2{} having a divided primary winding 2| of which 
3 is applied to the primary winding 3 through one portion connects to the anode 22 of the 
the coupling condenser {}. In order to obtain amplifier tube ', and the other portion fo the 
proper balance between currents in the two pot- anode 23 of the amplifier tube  9. The secondary 
tions of the primary winding in the noise fre- winding 24 of this transformer is the output of 
quency range, condenser 5 is adjusted upon in- îo the amplifier stage which feeds the signal fo the 
stallation of the receiver fo the magnitude of succeeding amplifier stages of the receiver. Con- 
current required to cancel the current which is sidered from another point of view, the ter- 
received from the static charge in the antenna minals of this winding form çhe input to the 
8. In this manner the two currents being sub- remaining portion of the receiver as for example 
stantially equal wili cancel in the primary wind- 75 to the first detector stage if a super heterodyne 
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type circuit is used. In any event, the secondary 
winding 24 is proportioned tobe resonated with 
the tuning condenser 26 to the desired signal 
in the saine manner as the input circuit of the 
normal signal input channel is tuned by the 
condenser 7'. Both condensers 7' and 26 are 
integral parts of the normal radio receiver. 
The power supply connections fo the screen 
grids and anode of the tubes as well as the 
cathode heater elements have hot been com- 
pleted in the drawings in order fo simplify the 
illustration which is confined only fo the essen- 
tial parts and circuit pertaining fo the invention. 
These connections are obvious fo ail those skilled 
in the art and well understood in the tech- 
nique of radio receiver design and production. 
In the operation of the interference eliminat- 
ing system shown in Figure 2, the desired signal 
is applled together with whatever interfering 
signal may be super-posed thereon fo the input 2o 
circuit of an amplifier tube and a noise voltage 
derived from an auxiliary pick-up device is 
plled fo the grid of another amplifying tube. 
The circuit associated with the noise pick-up is 
so proportioned that a frequency may be selected 25 
from the interference frequency spectrum which 
is the same as the one predominantly appearing 
super-posed on the desired signal. The magni- 
rude of this selected interference frequency sig- 
nal may be adjusted, for example, by adjusting -30 
the condenser 10' fo a value whereby the inter- 
ference signal components on both grids §' and 
! of the respective amplifier tubes are substan- 
tially of the same magnitude. The two inter- 
ference signal voltages appearing in the input 35 
circuit of the amplifier tubes are combined in 
opposing eleçtrical phase relation in the output 
circuit, namely the primary winding of the trans- 
former 2 wherein they will substantially çancel. 
Signal transfer on the other hand, of the de- 4o 
sired signal appearing in the normal receiver 
input circuit is amplified by the amplifier tube 
!' and in the output circuit thereof is transferred 
to the secondary winding 24' for further utfliza- 
tion in the radio receiver. Of this signal the 45 
auxiliary pick-up antenna 13' being shielded by 
the car body and of small physical size will 
transfer a signal voltage of negligible magnitude 
compared fo the one transferred from the normal 
car antenna. 
50 
Fï'om the above if will be seen that the inter- 
ference eliminating system, in aciordance with 
this invention, is biased on the idea of provid- 
ing an auxiliary antenna in an automotive 
vehiçle located in close proximity to the source 
of disturbance, such as wheel statiç, and transfer 
the noise signal by means of a circuit in whiçh 
the noise or interference is stronger and more 
predomlnant than in the normal receiving 
channel of the radio receiver. In the noise trans- 
fer circuit, standard electrical çomponents are 
utilized to select from the bandwidth of the inter- 
fering noise signal a portion which predominant- 

The noise pick-up antenna is preferably so di- 
mensioned as to bave poor transfer efficiency for 
the normal broadcast frequencies. It may be 
considerably shorter than the regular whip an- 
tenna and so placed under the car as o be well 
shielded. If is fo be placed also as close as 
possible to one of the wheels in ortier fo be the 
strong immediate field of the statiç disturbance. 
In certain cases more than one noise pick-up 
]0 antenna may be provided and the best location 
determined by the largest amount of noise sig- 
nal obtained. 
The particular circuits shown for cancelling 
the two noise voltages or signais bave been se- 
]5 lected by way of example and other balanced cir- 
iults or bridge circuits known in the art may 
aiso be used advantageously without departing 
from the spirit of the invention. 
In existing automotive installations the type 
of circuit shown in Fig. 1 may advantageously be 
employed for a separate electrical component, 
e. g., an accessory which is fo be inserted be- 
tween the car anterma and the normal input of 
the receiver. When this is built as a separate 
comportent the circuit elements within the 
shielded portion will remain unaltered except 
that the vacuum tube is omitted and instead the 
winding 4, without the use of the condenser, will 
terminate between the antenna input post of 
the receiver and ground. Of course in this case, 
for the purpose of efficient coupling the winding 
4 must be so proportioned as fo match the an- 
tenna input circuit of the receiver. 
What is ilaimed is: 
1. In an automobile radio installation sub- 
jected fo wheel static interference having a pre- 
dominant interfering frequency, a radio receiver, 
in input circuit for said reçeiver inçluding a 
transformer having a divided primary winding 
the raid point of whiih is connected fo ground, a 
normal signal antenna connected to one portion 
of said winding, an auxiliary noise pick-up an- 
tenna located near one of the wheels, a connec- 
tion between said noise pick-up antenna and the 
other portion of sald primary winding compris- 
ing a resonant circuit tuned fo said interfering 
frequency and a series impedance adjustable for 
desired magnitude and phase of current transfer 
in said last-named portion for cancelling çur- 
rents in said winding af said frequency. 
2. In an automobile radio installation sub- 
jeçted fo wheel static interference having a pre- 
dominant interfering frequency, a radio receiver, 
an input circuit for said receiver including a 
transformer having a divided primary winding the 
mid point of which is connected to ground,, a nor- 
mal signal antenna connected fo one portion of 
sald winding, an auxiliary noise pick-up antenna 
located near one of the wheels, a connection be- 
tween sald noise pick-up antenna and the other 
portion of said priiary wtnding çomprising a 
resonant circuit tuned to said interfering fre- 
quency and a capacity in series adjustable for 

]y appears in the normal input circuit of the desired magnitude and phase of current transfer 
radio receiver as the unwanted signal, and fo 65 in said last-named portion for cancelling cur- 
combine the selected interference frequency in rents in said winding af said frequency. 
such manner as fo cancel the interference signal. 3. In an automobile radio installation sub- 
This may be accomplished prior to the first am- Jected to wheel statiç interference, a radio 
plifier stage of the receiver in.one modification, ceiver, a first Input circuit for said receiver con- 
or two signais may be combined after ampliflca 70 nected fo a normal signal antenna, a second 
tion and cancelled as shown in the second mod- put circuit connected to a noise pick-up antenna 
ification. In the latter, the additional ampliflca- located near one of the wheeis, an amplifier for 
tion of the signal and the easier balançing of each said input circuit inçluding a vacuum tube, 
circuits between two amplifying tubes offers cer- a coupling transformer having a divided primary 
tain advantages to the designer. 7 winding the mid point of which is connected to 
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ground, one portion of said winding being con- 
nected to the output circuit of one of said 
Plifiers, and the other portion to the output cir- 
cuit of the other of said amplifiers, and a trans- 
former in said second input circuit having a sec- 
ondary winding tuned to said interfering fre- 
quency and a primary winding connected to said 
noise pick-up antenna said connection including 
a condenser in series adjustable for desired mag- 
nitude and phase of current transfer for equaliz- 
ing the output current of said amplifiers in said 
divided winding at said interference freuency. 
JACK FRYE. 
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